Reconstruction of pharyngeal defects continues to present a clinical challenge for the head and neck surgeon. We have different reconstructive options to preserve speech, airway, and swallowing functions. Reconstructive surgery implies a balance between oncologic cure, patient morbidity, and quality of life. Classical reconstructive techniques include pedicled cervical cutaneous or myocutaneous flaps and distal myocutaneous flaps such as from the pectoralis major. Current microvascular technique options have a differing incidence of complications but always with high success rates. This article reviews the most current options on reconstructive techniques in pharyngeal defects © 2008 Elsevier España. All rights reserved. 
Reconstruction of pharyngeal defects
Of the surgical defects of the pharynx, those of the hypopharynx are the most frequent in our speciality and we are going to concentrate on them when reviewing the reconstruction options currently available.
Most of these defects are related to oncological pathologies and may include only one segment of the pharynx, or extend to a part or all of the larynx, ie, partial pharyngectomies, partial pharyngo-laryngectomies, total laryngectomies with partial or subtotal pharyngectomy and total pharyngolaryngectomies. In general, the fundamental goals of any reconstruction of a pharyngeal defect are:
• To restore the integrity of the digestive track, allowing an adequate intake of food by mouth.
• To maintain phonation, either through the conservation of part of the larynx, or by any rehabilitation technique if accompanied by a total laryngectomy.
• To perform the technique in a single surgical operation.
Depending on the type of pharyngeal defect and the different surgical options in pharyngolaryngeal oncological surgery, we also have a choice of different reconstructive techniques. Thus, we can use the skin of the neck (Mikulicz technique), the superficial cervical fascia, the skin of the neck and platysma (dermoplatysmo-fascial flap), pedicled flaps of the cervical region (like the platysma flap or the sternocleidomastoid [SCM] or infrahyoid muscles), distant pedicled flaps (such as the pectoralis major), or the free microvascular flaps, either visceral (and among these mainly the jejunum) or fasciocutaneous flaps, including the radial as the most frequent, or the more recently incorporated anterolateral thigh flap (ALT) as a perforating flap.
Other techniques, such as the use of the tubulized deltopectoral flap have now been discarded and replaced.
In more complex cases, which include some part of the oropharynx and primarily the base of the tongue at the upper limit of resection or the oesophagus at the lower limit, we must think of alternatives other than those mentioned.
As in all reconstructive procedures of the head and neck, in addition to taking into account the surgical defect to be rebuilt, we must also assess the conditions of the tissues of the neck, especially regarding the prior history of surgery and/or radiotherapy, and the physical condition of the patient with regard to tolerance to a more protracted and complex surgical procedure.
On the other hand, currently, all reconstruction techniques identified present a viability at least above 90%, thus they are completely reproducible techniques for the majority of specialists in otorhinolaryngology (ENT) with expertise in oncology surgery of the head and neck.
We shall now review each of the referred techniques and their application in pharyngeal defects.
Pharyngeal reconstruction options

Pedicled flaps
Local cutaneous flaps
The use of the skin of the neck to create a neopharynx was devised in 1884 by Mikulicz. The anterior cervical skin is sutured to the pre-vertebral fascia to form the posterior pharyngeal wall and from here 2 lateral skin flaps are designed which will configure the posterior pharyngeal wall. Although currently this technique is rarely used as such, since it requires various surgical times and the result is poor compared with other techniques, it can be used with some modification for the closure of small pharyngostomes, especially in non-irradiated patients with loose cervical skin.
Dermo-platysmo-fascial flap
This flap is based on the use of the anterior cervical skin flap, carried out at the beginning of surgery in the neck approach to reconstruct pharyngeal defects that do not allow a pharyngeal closure without significant risk of fistula or secondary stenosis. The pharyngeal segment not removed is used as the posterior pharyngeal wall and the dermo-platysmo-fascial flap as the anterior wall. It allows a wide pharyngeal diameter without the need to carry out any additional reconstruction.
Platysma flap
The platysma flap is based on the use of this muscle, vascularized from the facial artery and mainly from its sub-mentonian branch, in the reconstruction of defects in both oral and pharyngeal mucosa. Its main drawback is that the arc of rotation is limited by the broad muscle pedicle required and which must be maintained in all its extension; nevertheless, its dissection is simple and in obese patients an important part of the subcutaneous fat mass can be included, so vascularization of the flap is maintained better (Figures 1 and 2 ).
Although the use of this flap for the reconstruction of pharyngeal defects is uncommon, it is important to bear it in mind as a possible option according to the experience reported by some authors 13 in surgery of both pharynx and larynx. 4 
SCM muscle flap
Although surgery of laryngeal-pharyngeal neoplasms is often associated with lymph node dissection excluding a significant portion of the perforators going to the SCM muscle from its main pedicle originating in the occipital artery, or from its 3 minor pedicles originating in the posterior auricular artery, the superior thyroid and the transverse cervical, the SCM muscle maintains an adequate and sufficient vascularization for use in some reconstructions. While we can use it with both upper and lower pedicles, the latter option is usually the most frequently used as it provides a greater arc of rotation. Its use has been described in initial surgery, 5 although there are currently other preferable or more frequently used options, in pharyngeal stenosis or of the retrocricoid region 6 or, in our experience, muscle flap in the closure of oral-hypopharyngeal fistulae in patients with cervical re-irradiation as an alternative to the use of a pectoralis major flap (Figures 3-5 ).
Infrahyoid flap
The infrahyoid flap is based on the use of the infrahyoid musculature (sternohyoid and sternothyroid muscles and the anterior side of the omohyoid) together with the skin covering them. The vascularity of these muscles is via the superior thyroid pedicle and their innervation can be maintained and, therefore, muscle atrophy can be prevented by retaining the descending branch of the hypoglossal nerve. Although its use became widespread after 1986 following Wang's experience, it had been in use in some of its variants since 1969.
Its main application is in defects of the oral cavity, and it can also be used in small pharyngeal or pharyngo-laryngeal defects, taking into account that the usual dimensions are around 8×4 cm ( Figure 6) .
It is also possible to use it bilaterally, albeit with difficulty in skin closure on the neck except in patients with redundant skin. Moreover, although it is not noted in the medical literature, personal experience indicates that in obese patients, the viability of the skin flap may be lower due to the distance between the muscle and the skin, making it difficult for the perforators to reach it.
The portion of the arterial pedicle from the superior thyroid artery is fairly constant, although the superior thyroid vein, in at least 20% of cases, is not included in the thyrolinguofacial pedicle, but instead reaches the internal jugular vein in an inferior segment. This anatomic variant has no significance in pharyngeal reconstruction, but does matter in that of the oral cavity due to its lower arc of rotation.
It is important to note, from the beginning of the surgery, the design of the skin flap for the incisions in the skin, as well as maintaining intact the superior thyroid pedicle during cervical dissection. It is contraindicated, therefore, in those cases in which the internal jugular vein is included or when the entire thyrolinguofacial trunk is joined in the dissection and, in a relative way, in patients with a history of cervical radiation therapy, although in these cases it depends on the dose. Although the viability of this flap is over 90%, in some cases it can show a superficial dermal necrosis with subsequent scarring by secondary intention from the subjacent musculature 7, 8 (Figures 7-9 ).
Pectoralis major flap
Since its application in head and neck surgery was described at the end of the 1970s, it has been the battle horse of our reconstructive surgery, even in that of pharyngeal defects.
The main disadvantage of this flap is its thickness. This volume of the tissue impedes the acquisition of erygmophonic voice as well as adaptation to the pharyngeal defect in obese patients. Its greatest advantages are its ease of dissection, as well as providing a muscle that facilitates healing in frequently radiated areas.
Although in most cases its use has been replaced by microvascular flaps, it is still useful in patients with partial pharyngeal defects and in those in whom prior treatment hinders the obtention of suitable donor vessels for microvascular reconstruction.
In partial pharyngectomies it can be designed with a width of about 5-6 cm, sufficient to provide a suitable diameter to the neopharynx, with suture to the lateral edges of the pharyngeal remnant, whilst at the same time carrying out a few points of fixation to the pre-vertebral fascia, more resistant than the pharyngeal mucosa (Figures 10, 11) .
In the reconstruction of total pharyngeal defects, their adaptation was initially described through tubulization, 9 although the high rate of local complications they presented and subsequent experience have shown that it is preferable to use the pre-vertebral fascia with or, more usually, without skin graft over it, as the posterior pharyngeal wall and to adapt the pectoralis to reconstruct an anterior neowall. This is what some authors call U shaped flap. 10, 11 In addition, some papers 12 recommend the joint use of a Montgomery salivary bypass to maintain the pharyngeal space.
The incidence of local complications in the use of this flap for pharyngeal reconstruction is relatively high, with the incidence of fistula between 0% and 46% according to different authors.
Another important application of this flap, and in some cases with preference over microvascular flaps, is for the closure of pharyngostoma. In these cases, postoperative radiation is often associated with local fibrosis, and the pectoralis major myocutaneous flap allows us to reconstruct the anterior pharyngeal wall with pectoral skin, while we can place a skin graft on the muscle surface to rebuild cervical skin. In these patients, the edge of the pharyngostoma of the side on which the pectoral dissection was carried out is well protected by the muscular pedicle, but fistulae often arise at the contralateral edge, and to prevent these it is very important to pass far enough over the edge of the pharyngostoma with the pectoral muscle.
The pectoralis major flap can also be used as a muscular flap or myocutaneous flap, in addition to a microvascular flap in wide in pharyngo-cutaneous defects.
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Microvascular flaps
Since the 1970s the use of microvascular flaps has become popular in the reconstruction of pharyngeal defects, mainly in those cases with wide resections or after total pharyngolaryngectomy.
Among the options for microvascular reconstruction we can differentiate 2 types of donor tissue; on the one hand, the abdominal viscera, mainly the jejunum and occasionally the gastro-omental flap and, on the other hand, the fasciocutaneous tissue, highlighting the radial flap and, more recently, the anterolateral thigh flap mainly as perforator flap.
Probably, the current trend is towards using a fasciocutaneous flap in the reconstruction of partial defects, and this same flap or a jejunal flap for total pharyngectomies. The main advantages of fascio-cutaneous flaps are less general morbidity in the donor area with respect to the need for abdominal surgery and an increased tissue tolerance to ischaemia time. The main drawback is a higher incidence of fistulas and stenosis in the total reconstruction of the hypopharynx, compared with the radial flap of the jejunum.
In those cases in which cervical skin is included, a pedicled flap can be associated, as we have stated previously, mainly from pectoralis major, or a gastro-omental flap that also allows adequate coverage of the vascular axis, so a free skin graft can be completed on it.
Visceral flaps
• Jejunal flap: since Seidenberg described it in 1956 for hypopharyngeal reconstruction, it has been the most widely used. The abdominal dissection of this flap may be performed by laparotomy or laparoscopy, although its use is contraindicated in cases of chronic intestinal disease (eg, Crohn's disease), chronic liver pathology with ascites, or relatively contraindicated in cases of prior abdominal surgery with posterior presence of adherences. 14 The viability of the jejunal flap is over 95%, although in those cases where thrombosis of the pedicle may present, the chances of rescue are slim due to its low tolerance to ischaemia, as noted above. In patients with a history of prior radiation therapy, there is a higher incidence of local complications, mainly fistulae (10%) usually treated conservatively, and stenosis (10%), mainly in relation to the distal suture and the oesophagus, although it may also be observed in cases of excessive length of the flap promoting angling. Although the segment of jejunum adapts isoperistaltically to the pharynx, this peristalsis is not carried out synchronously with the pharyngo-oesophagus and may be a source of dysphagia. Postoperative radiation therapy and spontaneous evolution in time decrease peristalsis in this regard. In order to improve dysphagia some authors recommend the implementation of a double open flap attached to the antimesenteric edge which, while providing a larger diameter, interrupts the intestinal circular musculature 15 ( Figures 12, 13) . Regarding the donor site, there is a risk of approximately 5.8% for complications including dehiscence of the abdominal wall, intestinal obstruction, abdominal haemorrhage, and paralysis of the ileus. 16 • Gastro-omental flap: as stated earlier, it can be used, albeit infrequently, in the reconstruction of pharyngeal defects and normally in these cases accompanied by extensive resection of cervical skin. It uses the major curvature of the stomach and omentum for pharyngeal reconstruction, allowing their tubulisation. In 1985, Harii introduced the radial flap for reconstruction of the hypopharynx. From the beginning, despite the lower morbidity of the donor area and the increased tolerance to ischaemia in these tissues with respect to visceral flaps, many centres have continued to use the jejunum flap in reconstructions of total pharyngo-laryngectomies, mainly as has already been mentioned due to a higher observed rate of fistulae (17%-28%) and stenosis (10%-36%) in the reconstructions made with radial flaps in comparison with that of jejenum. 18, 19 However, recent experience with the anterolateral leg flap is positive with regard to an incidence of fistulae and stenosis similar to that observed for the jejunum flap (0%-13% and 12%-27%, respectively 20, 21 ), with less dysphagia also observed. This decrease in the incidence of complications is probably related to the provision of a wide area of skin and conservation in the anterolateral leg flap of the fascia of the vastus lateralis. Moreover, in the event a fistula appears, its resolution time is shorter compared with that of a jejunal flap.
Other additional advantages mentioned by some authors are a greater ease in the monitoring of fasciocutaneous flaps, either in total or partial reconstructions of the pharynx 22 ( Figures 14-23 ), the possibility of reconstructing pharyngocutaneous defects with 2 islands of skin simultaneously 23 and greater ease for voice rehabilitation.
In this regard, patients with jejunal flap often present a wet voice. To improve this aspect, the use of the ileocolic valve has been proposed. 24 However, the possibility of using a tracheo-oesophageal prosthesis or even an erygmophonic voice seems simpler in cases reconstructed with fasciocutaneous flaps.
Although the most optimal choice of reconstruction method is influenced, as already noted, not only by the type of surgical defect, but also by the characteristics of the neck of the patient and the general conditions, from the point of view of classification of the most frequent pharyngeal defects we can summarize reconstructive options in a theoretically preferential order:
1. Partial pharyngectomies and partial pharyngolaryngectomies with wide resection toward the posterior pharyngeal wall:
• Infrahyoid flap.
• Platysma flap.
• Radial flap.
2. Total laryngectomy with subtotal pharyngectomy:
• Dermo-platysmo-fascial flap.
• Pectoralis major flap.
• Anterolateral perforator leg flap.
• Jejunum flap.
• In some selected cases unilaterally conserving this musculature: infrahyoid flap. 3. Total laryngopharyngectomy:
• Jejunum flap/radial flap (depending on the preference of the surgeon).
• Pectoralis major flap. 
